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Dur ing  c o n s i d e r a t i o n  o f  C '  m i s s i o n  o p t i o n s ,  t h e  
Apol lo  Program D i r e c t o r  r e q u e s t e d  i n f o r m a t i o n  on t h e  consequences  
o f  f a i l u r e  o f  b o t h  c o o l a n t  l oops  upon t h e  e l e c t r o n i c  equipment  
e s s e n t i a l  f o r  a safe r e t u r n .  I n  r e s p o n s e ,  a "quick-look" sum- 
mary o f  t h e  c o o l a n t  l o o p  c o n f i g u r a t i o n  and c o l d  p l a t e  equipment  
a s s i g n m e n t s ,  as w e l l  as a v a i l a b l e  t e s t  and a a y t i c a l  r e s u l t s ,  
was p r e s e n t e d  t o  t h e  Program D i r e c t o r  by MATy1$. A t  t h a t  t i m e ,  
t h e  w r i t e r  i n i t i a t e d  an  i n v e s t i g a t i o n  i n t o  s c h e d u l e s  o f  c y c l i n g  
t h e  e s s e n t i a l  e l e c t r o n i c  equipment t o  p e r m i t  t a sk  per formance  
r e q u i r e d  f o r  a safe r e t u r n  w h i l e  a v o i d i n g  a n  o v e r h e a t  c o n d i t i o n .  

Pending  r e c e i p t  o f  d e t a i l e d  equipment t e m p e r a t u r e  v s .  
t i m e  r e s u l t s  from t h e  t h e r m a l  vacuum t e s t s  on 2TV-1, two a v a i l -  
ab le  data p o i n t s  f o r  each  p i e c e  o f  e l e c t r o n i c  equipment ( i n i t i a l  
and maximum t e m p e r a t u r e s )  were used  as a b a s i s  f o r  i n t e r p o l a t i n g  
t h e  v a r i a t i o n  i n  h e a t i n g  r a t e s  w i t h  t e m p e r a t u r e .  S i n c e  t h e  S- 
Band Power A m p l i f i e r  (SBPA) approached i t s  upper  t e m p e r a t u r e  
l i m i t  much more r a p i d l y  t h a n  t h e  o t h e r  w a t e r - g l y c o l  cool-ed com- 
p o n e n t s ,  i t  was examined i n  d e t a i l .  I t s  i n t e r p o l a t e d  t e m p e r a t u r e -  
v e r s u s - t i m e  cu rve  was used t o  i n f e r  i t s  approximate  c o o l i n g  r a t e  
(See  Appendix) .  Such i n t e r p o l a t i o n  r e s u l t e d  i n  a c o n s e r v a t i v e  
estimate t h a t  a 30-minute "ON" and 6 0  minute  "OFF" c y c l e  f o r  t h e  
SBPA would p e r m i t  t h e  equipment t o  o p e r a t e  below t h e  maximum . 
p e r m i s s i b l e  t e m p e r a t u r e  (114OF). O t h e r  ( l e s s  s e n s i t i v e )  equ ip -  
ment c o u l d  o p e r a t e  w i t h  ven l o n g e r  "ON" t i m e s .  Deta i led  temp- 
e r a t u r e  v s .  t ime  d a t a  ( 2 e  s u b s e q u e n t l y  r e c e i v e d  i n d i c a t e d  t h a t  
t h e  i n t e r p o l a t i o n  was c l o s e .  

Concurren t  i n v e s t i g a t i o n  by Mr. R .  M. S c o t t  has shown 
t h a t  on-off c y c l i n g  o f  t h e  Guidance and Nav iga t ion  equ ipmen t ,  w i t h -  
i n  t h e  t h e r m a l  c o n s t r a i n t s  no ted  above ,  can  i n d e e d  p r o v i d e  a safe  
emergency r e t  n c a p a b i l i t y  i n  t h e  e v e n t  o f  loss o f  b o t h  water- 
g l y c o l  l o o p s  Y T  J . A proposed c y c l i n g  p r o c e d u r e  was submTtted t o  
t h e  Program D i r e c t o r .  ( 4  A 
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APPENDIX - Method Used to Estimate Equipment Cool ing  
Rate from Measured H e a t i n g  Rate i n  a Sys tem 
w i t h  Heat Leaks, 

Dur ing  t h e  2TV-1 t e s t s  t h e  e l e c t r o n i c  u n i t s  w i t h  c o l d  
p l a t e s  were o p e r a t e d  wi thou t  c o o l a n t  f l ow to s i m u l a t e  c o o l a n t  
s y s t e m  f a i l u r e .  The t e m p e r a t u r e  i n  t h e  v e r y  s e n s i t i v e  S-Band 
Power A m p l i f i e r ,  for i n s t a n c e ,  r o s e  from 65OF to l l l ° F  i n  57 
m i n u t e s .  A s  t h e  t e m p e r a t u r e  i n c r e a s e d  more heat  was lost by 
v a r i o u s  thermal  leaks  from t h e  equipment i n t o  t h e  c a b i n  and t h e  
a d j a c e n t  s t r u c t u r e .  T h i s  caused  t h e  n e t  heat f l u x  (hea t  i n  
minus heat o u t )  to d e c r e a s e  and the  t e m p e r a t u r e  r i s e  w i t h  t i m e  to 
s r i m i l s r l y  d e c r e a s e .  

The t h e r m a l  ba l ance  for t h i s  s i t u a t i o n  i s  

1. 

0 

where QE and QHL a r e  t h e  h e a t  f l u x e s  of e l e c t r i c a l  ene rgy  and 
heat loss r e s p e c t i v e l y ,  I i s  t h e  thermal i n e r t i a  o f  t h e  e l e c t r o n i c  
u n i t  p l u s  t h e  c o l d  p l a t e ,  and ( d T / d r ) E  and (dT/d-()HL are t h e  
ra tes  o f  t e m p e r a t u r e  change due o n l y  to t h e  e l e c t r i c a l  e n e r g y  
i n p u t  (assuming i n s u l a t e d  equ ipmen t ) ,  and t h e  h e a t  l eaks ,  r e s p e c -  
t i v e l y .  F u r t h e r  

E+HL 
( dT/d-,) = (dT/d?,) 

( dT’dT E + HL 
where (dT/,*()E i s  t h e  c o n s t a n t  s l o p e  due to e l e c t r i c a l  power i n t o  
t h e  equipment  and (aT/dr )E+HL t h e  t o t a l  t empera tu re - t ime  s l o p e .  

I n i t i a l l y ,  when t h e  equipment  t e m p e r a t u r e  a p p r o x i m a t e l y  
e q u a l s  t h e  env i ronmen ta l  t e m p e r a t u r e  (-65OF) t h e  hea t  l eak  must 
be e s s e n t i a l l y  z e r o .  That i s ,  i n  e q u a t i o n  2 t h e  c o n s t a n t  e l e c t r i c -  
a l l y  powered t e m p e r a t u r e  change i n i t i a l l y  e q u a l s  t h e  t o t a l  temp- 
e r a t u r e  change 

I N I T I A L  (dT/d-I), = (dT/d-y) 

By s u b s t i t u t i o n  o f  i n i t i a l  c o n d i t i o n s  Equa t ion  2 becomes 

INITIAL ( dT/d T) HL = (dT/d,r)  E+HL - (dT/dx’) 

Thus t h e  t e m p e r a t u r e  change due to h e a t  l e a k  i s  t h e  d e c r e a s e  i n  
t e m p e r a t u r e  r i s e  a f t e r  t h e  i n i t i a l  c o n d i t i o n .  
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This difference was graphically determined as a pre- 
liminary rough cut (see Figure 1). The slope at point 1 is sub- 
tracted from the initial slope and the difference is the slope 
at the same temperature, point 2. The method is relatively 
stable because errors of interpolation at one part of the curve 
are compensated by errors in the opposite direction in other 
parts of the interpolated temperature-versus-time-curve. 




